COPD is a major cause of morbidity and disability in the United States and United Kingdom, and is projected to be the third-leading cause of death worldwide by 2020.[@bib1] FEV~1~ is easily measurable and is the strongest spirometric predictor of mortality in patients with COPD.[@bib2] Factors that affect decline in FEV~1~ are therefore of prognostic importance in COPD. Long-term studies of FEV~1~ decline have shown the importance of cigarette smoking[@bib3] and exacerbation frequency[@bib4] [@bib5] as some of the factors that affect FEV~1~ decline.

COPD is associated with both airway and systemic inflammation, although there is little information on how this inflammation changes over time, or if this inflammation is related to FEV~1~ decline. Airway inflammatory markers are higher in more severe disease and increase at COPD exacerbation.[@bib6] [@bib7] [@bib8] While cross-sectional studies[@bib9] [@bib10] have shown that systemic inflammatory markers such as acute-phase reactant plasma fibrinogen are also increased in COPD patients, both when stable and at exacerbation. An understanding of the relationships and course of inflammatory markers in COPD is important, as the FEV~1~ is often little affected by COPD interventions,[@bib11] and these markers may be useful to assess the effects of novel therapies.

The airways of patients with COPD often have bacteria colonization, and it is now recognized that higher airway bacterial loads are associated with increased airway inflammation[@bib12] and exacerbation.[@bib13] We have also shown in a 1-year study[@bib14] that rising lower airway bacterial loads in stable COPD are related to faster lung function decline. Thus, it is possible that bacteria may modulate either airway or systemic inflammation and affect disease progression in COPD.

In this longitudinal study, we describe for the first time the relationships between airway and systemic inflammatory markers and FEV~1~ decline in COPD over a prolonged period of follow-up in a well-characterized patient cohort. We monitored patients with moderate-to-severe COPD for a median of 2.91 years (interquartile range \[IQR\], 2.1 to 4.8) with measurements of FEV~1~ every 3 months. We hypothesized that a faster decline in FEV~1~ in COPD would be related to lower airway and systemic inflammation and to the presence of bacteria detected in stable COPD.

Materials and Methods {#cesec10}
=====================

Patients {#cesec20}
--------

For this study, 148 patients recruited into the East London COPD study since October 1, 1995, and who had recorded daily data for \> 1 year prior to January 2003 were selected. The recruitment and monitoring of these patients has been previously described, and inevitably in such a long cohort study some of the patient, bacterial, and inflammatory marker data have been the subject of previous publications[@bib4] [@bib8] [@bib9] [@bib13] [@bib14] [@bib15] [@bib16]; however, the current analysis and its interpretation is completely novel. COPD was defined as an FEV~1~ \< 70% predicted from age, height, and sex; β~2~-agonist reversibility \< 15% and/or \< 200 mL; and a FEV~1~/FVC \< 70%. Patients with significant respiratory disease other than COPD or inability to complete diary cards were excluded.

Recruitment {#cesec30}
-----------

At recruitment, measurements were made of height and weight from which body mass index (BMI) was calculated. Measurements were also made of FEV~1~, FVC, and peak expiratory flow by the same, routinely calibrated rolling seal spirometer (SensorMedics; Yorba Linda, CA); reversibility to 400 μg inhaled salbutamol; and arterialized earlobe blood gases (model 278 Blood Gas Analyzer; Ciba-Corning; Medfield, MA). A history was taken of smoking habits (years of smoking, current smoking status). Patients were asked about chronic symptoms of dyspnea, sputum production, wheeze, and cough defined as occurring either all day or every morning when stable (exacerbation free). They were also asked about their long-term inhaled and oral steroid use, and a history of cardiovascular comorbidities noted. The study had ethics approval from the Ethics Committee of the East London and City Health Authority, and the patients provided written informed consent.

Daily, Quarterly, and Yearly Monitoring {#cesec40}
---------------------------------------

The patients were asked to record on diary cards each morning any increase over their normal, stable condition of the following: (1) dyspnea, sputum purulence, or sputum volume (major symptoms); and (2) colds (nasal discharge/congestion), wheeze, sore throat, cough, and fever (minor symptoms). Exacerbation onset was identified as the first of ≥ 2 consecutive days with increase in either two or more major symptoms, or any one major symptom plus any minor symptom. Symptoms recorded continuously in the 5-day period preceding onset were disregarded in this diagnostic process to exclude occasional false exacerbations in a few patients who until reeducated reported the presence rather than an increase in a symptom. Exacerbations for which no diary card symptoms were recorded by the patient were identified from hospital admission notes for an acute exacerbation of COPD or by questioning patients about treatment from their general practitioners at clinic visits. Patients with any deterioration of symptoms were encouraged to contact the clinical team by a dedicated and manned telephone line, and approximately 50% of exacerbations were seen in the clinic, generally within 48 h, at which time lung function was measured prior to treatment. Exacerbations were treated with antibiotics and/or steroids, depending on the presence of increased sputum volume or purulence, and the severity as assessed by the clinical team.

Patients were also asked to attend clinic visits every 3 months, at which time FEV~1~ was measured. Once per year, in October, patients were asked about smoking habits, daily symptoms of dyspnea, sputum purulence, wheeze, and cough, and height and weight were measured. Patients who had given up smoking prior to recruitment were designated ex-smokers, and patients who after recruitment smoked continuously or intermittently were considered to be smokers. At these clinic visits, whether for an exacerbation or not, blood and sputum were obtained for tests as described below.

Study and Sample Collection Timing {#cesec50}
----------------------------------

This study started in October 1995 and took 7.3 years, with 50% of the patients monitored for \> 2.91 years and 25% for \> 4.8 years. The shortest period of monitoring was 1.02 years, and the longest was 7.24 years. At different times during the study period, at exacerbation and nonexacerbation visits, sputum was collected for bacteria, airway cytokines (interleukin \[IL\]-8 and IL-6) and cell counts, and blood for plasma fibrinogen estimation. [Figure 1](#fig1){ref-type="fig"} shows that sputum IL-6 samples were obtained at intervals throughout the study, while neutrophil counts were recorded over 4 years. Fibrinogen samples were collected around year 2 (1997) and year 6 (2001) as shown in [Figure 1](#fig1){ref-type="fig"}. Few patients (43 of 148) had two or more stable sputum IL-8 determinations, and the intervening time for these was too short for a reliable estimation of any longitudinal change.Figure 1Mean stable (exacerbation-free) sputum IL-6, sputum neutrophil count, and plasma fibrinogen measured over 4-month periods, over the 7.3-year period of this study, from October 1995. Bars are 2 × SE. Lines are from a simple linear regression through these data.

Plasma Fibrinogen Assays {#cesec60}
------------------------

The method used for fibrinogen collection, storage, and processing was as described by Clauss,[@bib17] with a standard calibrated against an international standard for fibrinogen.

Sputum Preparation and Examination {#cesec70}
----------------------------------

Spontaneous sputum samples were obtained from patients in most cases, but when this was not possible induced-sputum samples were obtained according to previous methodology.[@bib16] We have previously shown that cell counts and inflammatory cytokines are similar in spontaneous and induced sputum.[@bib16] If both spontaneous and induced samples were available, the spontaneous sample was used. Sputum samples were processed for storage within 2 h of collection as previously described.[@bib7] [@bib12]

Sputum Cytokine Assays {#cesec80}
----------------------

IL-6 and IL-8 were measured in the supernatant using a quantitative enzyme-linked sandwich immunoassay (R&D Systems Europe; Abingdon, Oxon, UK) and expressed as picograms per milliliter of supernatant, which represents a 10-fold dilution by weight of the sputum sample, as previously published.[@bib7] [@bib12]

Quantitative Identification of Bacteria {#cesec90}
---------------------------------------

Sputum samples were processed by methods previously described.[@bib12] The total lower airway bacterial load, expressed in log~10~ units, was used as an indicator of bacterial colonization. Total bacterial load after logarithmic transformation has been shown to affect change in FEV~1~ over 1 year[@bib14] and other parameters of COPD severity.[@bib12] [@bib18]

Statistical Analysis {#cesec100}
--------------------

### Baseline Data {#cesec110}

Patient characteristics recorded at recruitment are presented as medians (IQR). The annual exacerbation frequency was calculated by dividing the total number of exacerbations per patient by the number of days the patient recorded data, and multiplying by 365.

### Exacerbation and Nonexacerbation Periods Defined {#cesec120}

There are no published data on the time course of inflammatory changes during a COPD exacerbation to say when any inflammatory changes are resolved. So, for the purposes of this analysis, any reading or sample obtained within the period 3 days before to 21 days after the onset of an exacerbation was considered to have been an exacerbation sample, and outside this period as a nonexacerbation (stable) sample. The 21-day period was chosen with the knowledge that symptoms and lung function during the recovery phases of an exacerbation are in the overwhelming majority of exacerbations back to the pre-exacerbation level.[@bib19] Plots of the mean inflammatory marker levels on days before and after exacerbation onset (not shown) also supported the use of a 3-week period. Three days before onset was used because pulmonary symptoms due to infection by rhinoviruses, coronaviruses, and respiratory syncytial viruses only start 3 days after infection,[@bib20] [@bib21] which suggested that the inflammatory process could have started before the symptomatic onset of the exacerbation.

### Longitudinal Changes in Biomarkers Over the Study Period {#cesec130}

We assessed longitudinal changes in the inflammation and infection parameters with time (longitudinal changes), with regression models for repeated-measures data, assuming random effects for individuals, using general linear mixed model and generalized estimating equation model procedures (STATA-5; Stata Corporation; College Station, TX). These procedures are designed for panel (cohort) data and are particularly useful when data are correlated, as in repeated-measures designs and when there are complex error structures.[@bib22] The general linear mixed model was used throughout except for the cytokine data, for which a poisson-shaped distribution was allowed for, or chronic symptoms, for which a binomial distribution was allowed for. Each parameter (as a dependent variable) was regressed against two independent variables: one was time of sampling from the start of study, and the other was a binary variable for whether the dependent variable was measured during an exacerbation or not.

### Effects of Biomarkers on FEV~1~ Percentage of Predicted Decline {#cesec140}

To analyze the effects of the inflammatory or infection markers (fibrinogen, IL-6, IL-8, cell counts, chronic symptoms, airway bacterial load) and patient characteristics (smoking, gender, BMI, starting FEV~1~) on decline in lung function, we used the panel regression procedures described above. FEV~1~ percentage of predicted (FEV~1~%Pred) was measured at the start of the study and every 3 months after. The predicted FEV~1~ used was recorded at recruitment and calculated from the age, sex, and height of the patients. As in the longitudinal analysis, we included as independent variables time and whether or not FEV~1~%Pred was measured during an exacerbation as two of the four independent variables. The third variable was whether or not the parameter, if measured on a continuous scale, was less or greater than or equal to the cohort median, or whether the patient was male or female, or whether they smoked or not, or had a chronic symptom or not. The fourth independent variable was an interaction term obtained as the product of first and third variables. This interaction term allowed us to test whether FEV~1~%Pred decline was faster in the group with the greater inflammation, pathogen presence, or particular characteristic. By splitting the cohort using the median, we created groups of equal size, thus avoiding bias and the need to establish normal clinically acceptable levels for these biomarkers. We used the earliest stable (nonexacerbation) measurement recruitment characteristic to dichotomize the patients into the two groups; therefore, we as much as possible prospectively examined the effect of these parameters on FEV~1~%Pred decline. Our findings were not substantially changed if an average value for stable samples collected throughout the study was used to dichotomize the patients into the two groups.

Of the factors in [Table 1](#tbl1){ref-type="table"} , smoking, gender, and starting FEV~1~%Pred had significant relationships with FEV~1~%Pred decline. Accordingly, the analysis above was performed with all of these and their interaction with time, as covariates in the regression model. Thus we were able to assess whether the FEV~1~%Pred decline associated with markers of inflammation was independent of the effects of smoking, gender or starting FEV~1~%Pred.Table 1Demographic, Clinical, and Physiologic Characteristics of the 148 COPD Patients in the Study, Measured at RecruitmentCharacteristicsMedian%IQRAge, yr68.562.6 to 73.7FEV~1~, L0.980.73 to 1.30FEV~1~, % predicted38.527.7 to 50.3FEV~1~, % reversibility5.450.00 to 12.6FVC, L2.441.81 to 2.93FEV~1~/FVC, %42.333.5 to 53.1Peak expiratory flow, L/min174137 to 250Pao~2~, kPa9.08.23 to 9.58Paco~2,~ kPa5.85.40 to 6.35Smoking history, yr4232 to 50Male gender67.6Chronic dyspnea[\*](#tbl1fn1){ref-type="table-fn"}47.3Chronic wheeze[\*](#tbl1fn1){ref-type="table-fn"}31.1Chronic cough[\*](#tbl1fn1){ref-type="table-fn"}46.0Chronic sputum production[\*](#tbl1fn1){ref-type="table-fn"}52.7History of smoking95.6Smoking at recruitment32.8[^1]

An identical approach to that described above was used to assess the effects of exacerbation frequency, by dichotomizing the cohort into frequent and infrequent exacerbators *ie*, ≥ or \< 2.52 exacerbations per year, respectively, on the longitudinal changes in the biomarkers. Similarly, the cohort was divided into two groups according to whether the patient had an annual rate of change in an inflammatory marker less than (slow) or greater than (fast) than the cohort median.

Results {#cesec150}
=======

Patient Characteristics {#cesec160}
-----------------------

The 148 patients (100 men) studied had moderate-to-severe COPD ([Table 1](#tbl1){ref-type="table"}). Of these, 131 patients were receiving inhaled steroids daily at recruitment, and this increased to 141 patients by the end of the study. Thirteen patients were receiving oral steroids at the beginning of the study; at the end of the study, 20 patients were receiving a mean ± SD dosage of 5.6 ± 3.8 mg/d of oral prednisolone.

At the end of first year, October 1996, a cohort of 82 patients had been recruited, but during the subsequent years of follow-up 24 patients died and 55 withdrew voluntarily. These patients were replaced to maintain approximately 80 patients under study at any given time. During the study, there were a total of 1,389 exacerbations. The median number of exacerbations per patient per year was 2.52 (IQR, 1.48 to 3.96). Seven patients had no exacerbations during the study period. Ninety-two patients were nonsmokers prior to recruitment, 21 quit during the study or were intermittent quitters, and 35 continued to smoke (56 smokers).

Longitudinal Changes in Lung Function, Chronic Symptoms, and Inflammation {#cesec170}
-------------------------------------------------------------------------

[Table 2](#tbl2){ref-type="table"} shows the independent effects of time and exacerbation on lung function and the various biomarkers. The annual change in FEV~1~%Pred was a decline of 1.5%/yr, equivalent to a FEV~1~ decline of 40 mL/yr, and similar in magnitude to the fall in FEV~1~%Pred of 1.4% at exacerbation. Plasma fibrinogen increased by 0.1 g/L/yr, a smaller change than the 0.31 g/L rise at exacerbation. Sputum IL-6 increased by 9 pg/mL/yr, again less than the 70 pg/mL rise at exacerbation. Airway bacterial load did not change over time but increased significantly at exacerbation. Absolute sputum neutrophil count increased markedly, by 1.64 × 10^6^ cells per gram of sputum per year (p = 0.004), again smaller than the 3.19 × 10^6^ cells per gram of sputum rise at exacerbation. Eosinophil and macrophage counts did not change with time or at exacerbation. The odds ratio of the patient reporting chronic symptoms of dyspnea increased from 1 year to the next by 1.48 (95% confidence interval \[CI\], 1.33 to 1.65; p \< 0.001), but there were no changes in the other chronic symptoms of cough, wheeze, or sputum (p \> 0.38 in all cases).Table 2Analysis Showing the Independent Effects of Time and Exacerbation With 95% CIs on Each Parameter[\*](#tbl2fn1){ref-type="table-fn"}Change With TimeExacerbationVariablesStart[†](#tbl2fn2){ref-type="table-fn"}Annual95% CIChange95% CIObs[‡](#tbl2fn3){ref-type="table-fn"}Patients, No.FEV~1~, mL1,146− 40.2[§](#tbl2fn4){ref-type="table-fn"}− 44.5 to − 36.0− 37.0[§](#tbl2fn4){ref-type="table-fn"}− 51.7 to − 22.43,248148FEV~1~, %44.2− 1.5[§](#tbl2fn4){ref-type="table-fn"}− 1.7 to − 1.3− 1.4[§](#tbl2fn4){ref-type="table-fn"}− 2.0 to − 0.933,226145Dyspnea1.48[§](#tbl2fn4){ref-type="table-fn"}[∥](#tbl2fn5){ref-type="table-fn"}1.34 to 1.65NANABMI, kg/m^2^25.7− 0.2[§](#tbl2fn4){ref-type="table-fn"}− 0.4 to − 0.1NANA467147Plasma fibrinogen, g/L3.640.10[§](#tbl2fn4){ref-type="table-fn"}0.07 to 0.130.31[§](#tbl2fn4){ref-type="table-fn"}0.20 to 0.41978132Sputum IL-6, pg/mL1049[§](#tbl2fn4){ref-type="table-fn"}9 to 1070[§](#tbl2fn4){ref-type="table-fn"}7 to 7526298Total bacterial load, log~10~ cell count/g6.870.15− 0.05 to + 0.350.31[§](#tbl2fn4){ref-type="table-fn"}0.00 to 0.6227480Neutrophils1.63[¶](#tbl2fn6){ref-type="table-fn"}1.64[§](#tbl2fn4){ref-type="table-fn"}0.53 to 2.763.19[§](#tbl2fn4){ref-type="table-fn"}1.24 to 5.149759Eosinophils0.12[¶](#tbl2fn6){ref-type="table-fn"}− 0.024− 0.05 to 0.00− 0.02− 0.08 to + 0.039759Lymphocytes0.17[¶](#tbl2fn6){ref-type="table-fn"}− 0.05[§](#tbl2fn4){ref-type="table-fn"}− 0.08 to − 0.030.06[§](#tbl2fn4){ref-type="table-fn"}0.02 to 0.099759Macrophages0.71[¶](#tbl2fn6){ref-type="table-fn"}− 0.05− 0.15 to 0.040.05− 0.10 to 0.209759[^2][^3][^4][^5][^6][^7]

Characteristics of High and Low Patient Groupings {#cesec180}
-------------------------------------------------

[Table 3](#tbl3){ref-type="table"} shows median values of the first (initial) markers of inflammation measured in this study by which the patients were dichotomized into two groups. The initial fibrinogen samples were collected a median of 462 days (IQR, 162 to 491) after recruitment into the study, IL-6 was measured at 518 days (IQR, 222 to 840), IL-8 at 1,038 days (IQR, 504 to 1,581), total bacterial count at 999 days (IQR, 426 to 1,558), and sputum neutrophil count at 498 days (IQR, 209 to 763).Table 3Median Values and IQR for Each Parameter in All Patients, the Low Group (Less Than Median), and the High Group (Greater Than or Equal to the Median)[\*](#tbl3fn1){ref-type="table-fn"}All PatientsLow GroupHigh GroupParametersNo.MedianIQRNo.MedianIQRNo.MedianIQRBMI, kg/m^2^14624.921.8--27.87321.819.5--23.47327.926.3--29.9Age, yr14868.562.6--73.77462.658.1--65.57473.775.1--70.8Fibrinogen, g/dL1303.953.52--4.42653.533.15--3.83654.424.09--4.80FEV~1~%Pred14638.628.3--51.37328.323.3--34.87351.344.6--59.3Sputum IL-6, pg/mL9099.624.0--223.84524.010.7--68.845223.2146.1--264.6Sputum IL-8, pg/mL703,1251,935--3,698351,9461,574--2,267353,6823,420--4,640Neutrophils[†](#tbl3fn2){ref-type="table-fn"}451.820.88--3.79220.880.58--1.15233.672.32--7.92Eosinophils[‡](#tbl3fn3){ref-type="table-fn"}45257--852273.5--16.5228540.3--326Bacteria (log)[§](#tbl3fn4){ref-type="table-fn"}777.77.0--8.25377.006.00--7.30408.17.9--8.8[^8][^9][^10][^11]

Correlations Between Biomarkers, and Biomarkers and Patient Characteristics {#cesec190}
---------------------------------------------------------------------------

Plasma fibrinogen levels were not related to sputum IL-6 (ρ = 0.0086, p = 0.938, n = 84), sputum IL-8 (ρ = 0.0202, p = 0.873, n = 65), airway bacterial load (ρ = 0.0606, p = 0.616, n = 71), or neutrophils (ρ = − 0.0759, p = 0.6243, n = 44). The other inflammatory markers were not related to each other except IL-6 with IL-8 (ρ = 0.331, p = 0.0051, n = 70). The relationship between sputum IL-8 and bacterial load just failed to reach statistical significance (ρ = 0.220, p = 0.067, n = 70).

Analysis of fibrinogen, IL-6, IL-8, total bacteria, and neutrophil count with respect to the confounders (gender, smoking, and starting FEV~1~%Pred) revealed only two significant (p \< 0.05) relationships: fibrinogen and sex (p = 0.0437, Wilcoxon) \[men, median = 3.93 g/dL; women, median, 4.08 g/dL\], and neutrophil count and starting FEV~1~%Pred (ρ = − 0.302; p = 0.0357). Patients in any of the high inflammatory marker groups did not have a greater prevalence of heart disease (defined as a history of any one or more of ischemic heart disease, angina, myocardial infarction, hypertension, atrial fibrillation, or left ventricular failure) than in the corresponding low inflammatory marker group.

Effects of Demographic and Symptom Variables on Lung Function Decline {#cesec200}
---------------------------------------------------------------------

[Table 4](#tbl4){ref-type="table"} shows the effect of physical and related factors from [Table 1](#tbl1){ref-type="table"} on FEV~1~%Pred decline. Women, smokers, and patients with a high starting FEV~1~%Pred had a faster FEV~1~%Pred decline (all p \< 0.05), and there was a tendency for patients with a lower BMI to have a faster decline, but this did not reach statistical significance (p = 0.052).Table 4Analysis of FEV~1~%Pred Decline in Relation to Patient Characteristics and Smoking HabitsParametersFEV~1~%Pred in Low Group, at StartDifference in FEV~1~%Pred Between High and Low Groups, at StartAnnual Decline in FEV~1~%Pred in the Low Group, %/yrAdditional Decline in FEV~1~%Pred in the High Group%/yr95% CIp ValueObs[\*](#tbl4fn1){ref-type="table-fn"}No.[†](#tbl4fn2){ref-type="table-fn"}Age ≥ 68.5 yr41.16.5[‡](#tbl4fn3){ref-type="table-fn"}− 1.51[§](#tbl4fn4){ref-type="table-fn"}0.03− 0.32 to 0.380.8543,242147Smoking (continuous or intermittent)44.6− 0.8− 1.31[§](#tbl4fn4){ref-type="table-fn"}− 0.41− 0.75 to − 0.080.0143,242147Female gender41.59.41[§](#tbl4fn4){ref-type="table-fn"}− 1.39[§](#tbl4fn4){ref-type="table-fn"}− 0.42− 0.79 to − 0.050.0253,242147BMI ≥ 24.9 kg/m^2^41.54.7[‡](#tbl4fn3){ref-type="table-fn"}− 1.66[§](#tbl4fn4){ref-type="table-fn"}+ 0.32− 0.01 to 0.650.0523,228146FEV~1~%Pred ≥ 38.6%32.624.0[§](#tbl4fn4){ref-type="table-fn"}− 1.05[§](#tbl4fn4){ref-type="table-fn"}− 1.00− 1.30 to − 0.670.0013,232146[^12][^13][^14][^15]

Effects of Biomarkers on Lung Function Decline {#cesec210}
----------------------------------------------

[Table 5](#tbl5){ref-type="table"} show the effects of the various biomarkers assessed on lung function decline with adjustment for smoking, gender, and a high starting FEV~1~%Pred. Patients with the higher plasma fibrinogen levels had a 0.40%/yr faster decline in FEV~1~%Pred than the 0.78%/yr decline in the patient group with low fibrinogen levels (p = 0.014). There was no difference between the high and low plasma fibrinogen groups in FEV~1~%Pred at time zero (p = 0.748).Table 5Analysis of FEV~1~%Pred Decline in Relation to Inflammatory Markers, With Allowance for Smoking, Gender, and High Starting FEV~1~%PredParameters[\*](#tbl5fn1){ref-type="table-fn"}Annual Decline in Low Group, %/yr[†](#tbl5fn2){ref-type="table-fn"}Additional Decline in FEV~1~%Pred in the High Group%/yr95% CIp ValueObs[‡](#tbl5fn3){ref-type="table-fn"}No.Fibrinogen, ≥ 3.95 g/L (plasma)− 0.78− 0.40− 0.72 to − 0.080.0143,019129IL-6 ≥ 99.6 pg/mL (sputum)− 0.73− 0.42− 0.77 to − 0.070.0182,28088IL-8 ≥ 3,125 pg/mL (sputum)− 0.79− 0.28− 0.65 to 0.090.1421,87768Bacteria \> 7.7 (log units)− 0.76− 0.51− 0.88 to − 0.130.0081,97775Neutrophil count ≥ 1.82 × 10^6^ per gram of sputum− 0.33− 0.97− 1.45 to − 0.49\< 0.0011,29045Eosinophil count ≥ 25 × 10^3^ per gram of sputum− 0.45− 0.76− 0.13 to − 0.260.0031,29045[^16][^17][^18]

[Table 5](#tbl5){ref-type="table"} also shows that high airway bacterial load, high sputum IL-6, and high sputum neutrophil and eosinophil counts were all associated with a faster decline in FEV~1~%Pred of between 0.3 to 0.9%/yr (p \< 0.05 in all cases). High macrophage or lymphocyte counts did not influence the rate of lung function decline; p values were 0.169 and 0.768, respectively. [Figure 2](#fig2){ref-type="fig"} depicts the decline in FEV~1~%Pred in the groups of patients with high or low fibrinogen or IL-6, without adjustment of smoking, gender, and starting FEV~1~%Pred.Figure 2Mean FEV~1~%Pred in 4-month periods for low plasma fibrinogen and sputum IL-6 group patients (circles and thin line) and for high plasma fibrinogen and sputum IL-6 group patients (squares and thick line) against time from recruitment of each patient. Bars are 2 × SE. Error bars increase in size with time, as not all patients participated in the study for 7.33 years. No adjustment has been made for covariates.

Exacerbation Frequency and Inflammation {#cesec220}
---------------------------------------

Patients were classified into infrequent and frequent exacerbator groups by the median annual exacerbation frequency (\< or ≥ 2.52/yr). [Figure 3](#fig3){ref-type="fig"} shows that patients with frequent exacerbation had a faster rise over time in plasma fibrinogen of 0.063 g/L/yr (p = 0.046, n = 130). Patients with frequent exacerbations also had a faster rise in sputum IL-6 of 29.5 pg/mL/yr (p \< 0.001, n = 98) compared to the rise in infrequent exacerbators. Relationships for the other parameters in [Table 5](#tbl5){ref-type="table"} were not significant.Figure 3Mean plasma fibrinogen levels over 4-month intervals in infrequent (circles and thin-line exacerbators (\< 2.52/yr) and frequent (box and thick line) exacerbators (≥ 2.52/yr), against time from recruitment of each patient. Bars are 2 × SE. Error bars increase in size with time, as not all patients participated in the study for 7.33 years. These data are unadjusted for the presence of an exacerbation.

Rapid Rise in Inflammation and Rapid Lung Function Decline {#cesec230}
----------------------------------------------------------

In 118 patients, there were at least two stable fibrinogen readings from which an annual rate of rise in plasma fibrinogen could be calculated for each patient. We found that after classifying the patients in two equal-sized groups according to the annual rate of change, those patients with a higher rate of rise of plasma fibrinogen had a more rapid decline in FEV~1~%Pred of 0.98%/yr (p \< 0.001) in addition to the faster decline (0.66%/yr, p \< 0.001) that could be attributed to whether they had a high or low initial fibrinogen, and independently of confounders such as smoking, gender and initial FEV~1~. Similarly, a rapid rise in airway bacterial count was also associated with a fall in FEV~1~%Pred of 0.5%/yr (n = 61 patients, p = 0.005) and a rapid rate in neutrophil count with a 1.44%/yr fall (n = 10, p = 0.006). Patients in whom there was a rapid rise in IL-6 or IL-8 did not exhibit a faster rate of decline in FEV~1~%Pred.

Discussion {#cesec240}
==========

This study, using a well-characterized patient cohort with moderate-to-severe COPD, has evaluated longitudinal changes in airway and systemic inflammatory markers and prospectively related levels of these markers to FEV~1~ decline. We have shown for the first time that in addition to the effects of smoking, gender, and starting FEV~1~%Pred on lung function decline, that patients with high indexes when stable of plasma fibrinogen, sputum neutrophils, sputum eosinophils, and sputum IL-6 all had a more rapid decline over time of FEV~1~%Pred. We have also shown that patients with persistent lower airway bacterial colonization as evidenced by a high lower airway bacterial load when stable and exacerbation free also had a faster FEV~1~%Pred decline. Patients with a faster rising plasma fibrinogen, neutrophil count, or bacterial load also had a faster decline. We have previously shown in this cohort of patients that a history of frequent exacerbations hastens lung function decline,[@bib4] and this study shows that these frequent exacerbators have faster rises in airway and systemic inflammatory markers. For the first time, these results provide evidence that increased airway inflammation, due possibly to frequent exacerbations, is associated with a faster lung function decline in patients with COPD.

Plasma fibrinogen is an acute-phase reactant that is synthesized in the liver mainly under the control of the cytokine IL-6 and secreted into the circulation. We and others have previously reported that plasma fibrinogen is elevated in patients with stable COPD, and we also showed that levels rise at exacerbation.[@bib9] In this study, the median plasma fibrinogen was 3.89 g/L, which is higher than would be expected for age- and sex-matched control subjects.[@bib9] [@bib23] [@bib24] We found that patients with a high plasma fibrinogen level during the initial stages of this study subsequently had a more rapid lung function decline, consistent with the results of a previous cross-sectional study.[@bib10] The annual rise we observed in this study for plasma fibrinogen was 0.1 g/L/yr, less than the rise of 0.31 g/L at COPD exacerbation but greater than that of 0.03 g/L/yr observed in a cross-sectional study[@bib25] of 20- to 70-year-old normal subjects. Plasma fibrinogen is arguably the most important risk factor for coronary heart disease,[@bib26] and so our discovery that it is associated with accelerated decline in lung function suggests a mechanism for the epidemiologically proven relationship between cardiovascular risk and obstructive lung disease.[@bib27] [@bib28] [@bib29]

There has been considerable interest in the etiology of the systemic inflammatory response in patients with COPD. This systemic inflammatory response has been associated with weight loss and muscle wasting, characteristic of more severe COPD.[@bib30] [@bib31] [@bib32] Levels of systemic markers rise further at exacerbation,[@bib8] [@bib33] and it has been suggested by others that the systemic inflammatory response at exacerbation is associated with peripheral muscle weakness.[@bib34] In this study, we were unable to show a relationship between stable sputum IL-6 and plasma fibrinogen, suggesting that there is no direct link between systemic and airway inflammation. This is in agreement with a previous study[@bib35] that also showed that these two compartments were not related. It suggests that the origin of the systemic response is not caused solely by release of airway inflammatory mediators into the systemic circulation, and further research is required in this area.

In our study, we also found that neutrophils, a marker of airway inflammation, rose over the study period and was related to FEV~1~ decline. We have not been able to show that sputum macrophage and lymphocyte counts were related to FEV~1~ decline in COPD. Eosinophils were related to FEV~1~ decline with allowance for covariates, but not in the simpler analysis, which suggests a weak or confounded effect. The degree of airway inflammation has been related to the severity of airways obstruction with more bronchial inflammation in more severe patients.[@bib36] The rise in sputum neutrophils over time was related to more rapid FEV~1~ decline consistent with results of a previous cross-sectional study[@bib6] of sputum neutrophils and COPD severity.

We have also explored the relationship between COPD exacerbation frequency and airway and systemic inflammation. We found that frequent exacerbators with an exacerbation frequency of \> 2.52 exacerbations per year were more likely to show a faster rise in plasma fibrinogen and sputum IL-6 over time than patients with a history of infrequent exacerbations. Two studies[@bib4] [@bib5] now show that frequent exacerbators have a more rapid decline in lung function. Thus, we suggest that the mechanism by which these acute events contribute to the chronic deterioration in FEV~1~ decline is by causing a faster rate of rise in airway inflammation. This is consistent with the higher sputum IL-6 and IL-8 levels in stable (nonexacerbating) patients who have a history of frequent exacerbations compared to those with infrequent exacerbations.[@bib8] The elevated systemic inflammatory response in the frequent exacerbators suggests that this group may be particularly prone to muscle weakness with increasing disease severity and thus they may be an important group to target for pulmonary rehabilitation. The faster rise in plasma fibrinogen in the frequent exacerbators also suggests that these patients may be the group of COPD patients most at risk from cardiovascular disease.

From our findings, it can be extrapolated that interventions that reduce airway inflammation may affect decline in FEV~1~ in COPD. It is also likely that these anti-inflammatory therapies will be most effective in patients with frequent exacerbations. There is evidence from the Inhaled Steroids in Obstructive Lung Disease in Europe study[@bib37] that inhaled steroids showed the greatest benefit on exacerbations in those COPD patients with a higher exacerbation frequency. Data from a meta-analysis[@bib38] show that probably inhaled steroids have a small effect on FEV~1~ decline and this effect on decline may be a consequence of the reduction in exacerbations. We also found that patients with a high starting FEV~1~%Pred had a faster decline. This is contrary to the conventional idea that a high FEV~1~ is due to a slow decline and a low FEV~1~ to a fast decline. In their landmark monograph, Fletcher et al[@bib39] cautioned against this assumption. A slower decline in the group of patients with very severe COPD may in part be due to a survival effect, with faster decliners absent due to death and the use of intensive therapy in the latter stages of the disease.

The lower airways of healthy individuals are normally sterile, but in COPD lower-airway bacterial colonization occurs that is related to increased disease severity in COPD.[@bib40] Patients with lower-airway bacterial colonization have increased airway inflammatory markers and increased exacerbation frequency.[@bib12] [@bib13] [@bib14] In this study, we have shown that a high load of lower airway bacteria was associated with a more rapid FEV~1~ decline over a prolonged period, extending the results of our previous, short-term study.[@bib14] We also found that airway bacterial load was positively correlated with sputum IL-8 but were not able to show with allowance for confounders that high levels of sputum IL-8 were associated with faster FEV~1~%Pred decline. This might reflect the small number of available samples that prevented us from assessing IL-8 changes over time. Appropriate antimicrobial therapy to reduce airway bacterial load in stable patients may thus play an important part in reducing airway bacterial load, airway inflammation, and thus arresting disease progression in COPD.

The strengths of this study are the large data set of regular FEV~1~ readings over a considerable period of time, collection of daily respiratory symptoms by which exacerbations were identified, and the standardization of patient characterization and treatment that results from a single-center study. The limitations of our study need to be discussed. Firstly, for many patients, the initial microbial and inflammatory marker samples used to differentiate the patients into the high and low groupings were obtained at different times, with respect to the calendar date and time elapsed from recruitment, when and if they were able to produce sufficient sputum for analysis. The use of samples that were not collected at commencement of the study is not a serious drawback, as our primary outcome measure---annual decline in FEV~1~%Pred---should be the same before or after the date of sampling, assuming a linear decline over the period the patients were investigated. It is possible that patients transferred from the low to the high grouping during the study; however, any bias from this would be to make it less likely that a significant difference would exist between the high and low groups. Secondly, our data set is incomplete because---like all cohort studies---there are unavoidable dropouts. We found no difference in the confounders or inflammatory markers of patients who died or withdrew from the study (data not shown). In addition, the inflammatory markers were not all available on every patient. This prevented us performing an analysis that included more than one inflammatory marker at any one time.

In summary, we have shown for the first time in a 7-year study that high levels of airway and systemic inflammatory markers are associated with a faster subsequent decline in FEV~1~. We have also shown that this inflammation increases with time and that long-term deterioration in COPD and thus future severity of the condition are related to inflammatory indexes and to the presence of chronic airway bacterial colonization. Knowledge of the relationships of these biomarkers to disease progression allows us to design clinical trials of anti-inflammatory and anti-infective therapies that include appropriate outcomes such as inflammatory markers, since they reflect the course of the disease.
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[^1]: Chronic refers to symptoms experienced all day or every morning.

[^2]: NA = not applicable; changes in parameters are not significant unless stated otherwise.

[^3]: The start value is calculated by the regression line extrapolated backwards in time to the start date of the study.

[^4]: No. of observations of the parameter.

[^5]: p \< 0.05.

[^6]: Odd ratios for an increase in dyspnea from one year to the next.

[^7]: Cell count at 1.5 years after start of study and have units of × 10^6^ cells per gram of sputum.

[^8]: Biomarker data refer to samples collected during stable disease (exacerbation free).

[^9]: Sputum neutrophil count × 10^6^ per gram of sputum.

[^10]: Sputum eosinophil count × 10^3^ per gram of sputum.

[^11]: Bacteria (log) = log~10~ (total airway lower airway bacterial load).

[^12]: No. of FEV~1~%Pred observations.

[^13]: Patients for whom biomarker data were available.

[^14]: p \< 0.05.

[^15]: p \< 0.001.

[^16]: Including cut-off for inclusion in the high group.

[^17]: The low groups contained patients whose initial stable values did not reach the cut-off.

[^18]: No. of FEV~1~%Pred observations.
